he equivalent circuit of a receiving antenna consists of a cur-T rent generator and two admittances: one for the load, and one for the antenna (Figure 1 ). The short-circuit current, Ig -a receiving property -may be expressed in terms of the transmitting prop-. erties of the antenna. It is the purpose of the present note to give a particularly short derivation for the value of Zg. It will be assumed, to simplify matters, that the antenna is located in free space, and that its feeding line is a mono-mode waveguide (a coaxial cable, for exampJe). The extension to multimode lines, or to spatial regions containing linear media (possibly anisotropic, andor non-reciprocal) is fairly straightforward [ 11.
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The various existing evaluations of Zg are based on appropriate reciprocity theorems. In these analyses, state "a" corresponds, traditionally, to the radiating antenna. In a waveguide that is monomode in the reference cross section S, the transverse fields are of the form
where a is normalized according to 2 dS = 1.
S
The radiated field is proportional to V, . Thus, E, = Vaea .
(3)
For the "b" state, one can choose a waveguide-fed test antenna of known properties. This device could be a short linear antenna, or a small perfectly conducting sphere provided with an equatorial gap [ 13. One could also, in a shorter derivation, associate the "b" fields with those of a plane wave incident along a direction of unit vector u, [ 2 ] . In the present note, the "b" state is generated by arbitrary volume currents J,, radiating in the presence of the "shorted" antenna (V, = 0 on S: Figure 2) . On the basis of Maxwell's equations, satisfied by both the "a" and "b" fields, The integral in Equation (8) Combining Equations (8) and (9) gives a short-circuit current
Integrating over all space (but excluding the volume V of the load) yields for the antenna immersed in a plane wave incident from u, , and of electric field E' (0) at reference point 0 . Note that this classical result has been obtained in just a few steps, a point of some interest from a tutorial point of view.
-IE,-J, dV = I U n *(Ea x H,)ds = v,rb .
V'
S

This equation is obtained by involving the following properties:
The value of Ig in Equation (10) may now be incorporated 1. E, and E, are perpendicular to the perfectly conducting into the equivalent ' circuit of Figure 1 . The load admittance is defined as walls, S, ;
( 1 1 On the basis of this relationship, it becomes fairly easy to evaluate important parameters such as the effective antenna cross section and the polarization factor, P [I].
Equation (5) gives, for the sought short-circuit current, , = -fea-Jb dV .
(6)
V'
A particularly interesting form of Equation (6) is obtained when both the antenna and Jb are in each other's radiation field. For such a case, the far field of the antenna in V' is of the form
